Hydraulic conductivity of chondroitin sulfate proteoglycan solutions.
The hydraulic conductivity of solutions of Swarm rat chondrosarcoma proteoglycan subunit and of chondroitin 4- and 6-sulfate up to concentrations of 80 mg ml-1 have been measured under physiological conditions using sedimentation velocity and membrane ultrafiltration techniques. This study establishes the very high flow resistance of the proteoglycan and that this resistance is due to its constituent chondroitin sulfate chains. We have also demonstrated little difference in the hydraulic conductivity of chondroitin 4-sulfate as compared to chondroitin 6-sulfate. Studies of hydraulic conductivity of chondroitin sulfate and proteoglycan subunit over a range of salt concentrations demonstrate that the chondroitin sulfates exhibit only a small degree of electrolyte dissipation indicating that their constituent charge groups do not significantly contribute to flow resistance at high mechanical pressures. It appears that the shape and conformation of the polysaccharide backbone and its glycosidic linkages are the factors that primarily govern flow resistance. This is also consistent with the fact that hydraulic conductivity of the proteoglycans and chondroitin sulfates is considerably lower than that of its more charged counterpart heparin but has similar values to hyaluronate. Qualitative agreement between sedimentation analysis and ultrafiltration measurements is also established although the latter technique suffers from not knowing over what distance, adjacent to the membrane, ultrafiltration takes place. It is predicted that the proteoglycans will significantly contribute to flow resistance of cartilagenous tissues which confirms the Maroudas correlation that high proteoglycan concentration in cartilage yields high flow resistance. Further, we establish through a comparison of hydraulic conductivity measurements on hyaluronate, desulfated chondroitin sulfate, chondroitin sulfate, and proteoglycan subunit and osmotic pressure measurements of hyaluronate and proteoglycan that the sulfate groups of the chondroitin sulfate chain play only a small role in the net movement of water relative to the proteoglycan.